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Abstract 

The Japanese Experiment Module (JEM) Extreme Universe Space Observatory (EUSO) will 
be launched and attached to the Japanese module of the International Space Station (ISS). Its 
aim is to observe UV photon tracks produced by ultra-high energy cosmic rays developing in the 
atmosphere and producing extensive air showers. 

The key element of the instrument is a very wide-field, very fast, large-lense telescope that can 
detect extreme energy particles with energy above 10^® eV. The Atmospheric Monitoring System 
(AMS), comprising, among others, the Infrared Camera (IRCAM), which is the Spanish contribu¬ 
tion, plays a fundamental role in the understanding of the atmospheric conditions in the Field of 
View (FoV) of the telescope. It is used to detect the temperature of clouds and to obtain the cloud 
coverage and cloud top altitude during the observation period of the JEM-EUSO main instrument. 

SENER is responsible for the preliminary design of the Front End Electronics (FEE) of the 
Infrared Camera, based on an uncooled microbolometer, and the manufacturing and verification of 
the prototype model. 

This paper describes the flight design drivers and key factors to achieve the target features, 
namely, detector biasing with electrical noise better than 100/xV from 1 Hz to 10 MHz, temperature 
control of the microbolometer, from 10°C to 40°C with stability better than 10 mK over 4.8 hours, 
low noise high bandwidth amplifier adaptation of the microbolometer output to differential input 
before analog to digital conversion, housekeeping generation, microbolometer control, and image 
accumulation for noise reduction. 

It also shows the modifications implemented in the FEE prototype design to perform a trade¬ 
off of different technologies, such as the convenience of using linear or switched regulation for the 
temperature control, the possibility to check the camera performances when both microbolometer 
and analog electronics are moved further away from the power and digital electronics, and the 
addition of switching regulators to demonstrate the design is immune to the electrical noise the 
switching converters introduce. 

Finally, the results obtained during the verification phase are presented: FEE limitations, veri¬ 
fication results, including FEE noise for each channel and its equivalent NETD and microbolometer 
temperature stability achieved, technologies trade-off, lessons learnt, and design improvement to 
implement in future project phases. 

Keywords: JEM-EUSO, Front End Electronics, FEE, microbolometer, IRCAM, infra-red detec¬ 
tor. 
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1 Introduction 


JEM-EUSO (Extreme Universe Space Observatory on the Japanese Experiment Modnle) [T] , |2], |3j is a 
new type of observatory that will ntilize very large volnmes of the Earth’s atmosphere as a detector of 
the most energetic particles in the Universe. Its aim is to observe UV photon tracks prodnced by Ultra 
High Energy Cosmic Rays (UHECR), with energy above 10^® eV, generating Extensive Air Showers 
(EAS) in the atmosphere. The Atmospheric Monitoring System (AMS)|1] plays a fundamental role 
in onr understanding of the atmospheric conditions in the Field of View (FoV) of the telescope and 
inclndes an infra-red camera for clond coverage and clond top height detection. 

The monitoring of the clond coverage by JEM-EUSO with an Atmospheric Monitor System is 
crncial to estimate the effective exposnre with high accnracy and to increase the conhdence level in the 
UHECRs events in particnlar at the threshold energy of the telescope. The AMS is a system nsed to 
detect the temperatnre of clonds and to obtain the clond coverage and clond top altitnde dnring the 
observation period of the JEM-EUSO main instrnment. Clond top height retrieval can be performed 
nsing either stereo vision algorithms (therefore, two different views of the same scene are needed) 
or accnrate radiometric information, since the measnred radiance is basically related to the target 
temperatnre and therefore, according to standard atmospheric models, to its altitnde. The observed 
radiation is basically related to the target temperatnre and emissivity and, in this particnlar case, 
it can be nsed to get an estimate of the clond heights. The AMS will comprise an Infrared Camera 
(IRCAM)[5],[6],|7],|8], a LIDAR and JEM-EUSO slow data. 

IRCAM, the technological contribntion of the Spanish Consortinm, is able to detect infrared radia¬ 
tion of the target with emissivity (e) greater than 0.6 and lower than 1 and estimates the temperatnre 
of the target nnder investigation with accnracy better than 3 K. IRCAM consists of three snbsystems: 

• IRCAM Telecope Assembly. 

• IRCAM Electronics Assembly. 

• IRCAM Calibration Unit. 

The main fnnction of the IRCAM Telescope assembly is to acqnire the infrared radiation and to 
convert it into digital connts. For that pnrpose, the Telescope Assembly inclndes the IRCAM detector, 
an nncooled microbolometer, the dedicated electronics to control it, the Front End Electronics (FEE), 
and the optics. 

The IRCAM Electronics Assembly provides mechanisms to process and transmit the images ob¬ 
tained by the FEE from the microbolometer. It is composed of the Instrnment Control Unit (ICU) 
and the Power Snpply Unit (PSU). Their main fnnction is to control and manage the overall system 
behavior, inclnding the data management, the power drivers and the mechanisms. 

Dne to the reqnested accnracy measnrement the IRCAM will perform an On-Board calibration by 
means of a dedicated Calibration Unit. 

SENER is responsible for the preliminary design of the Front End Electronics (FEE) within the 
IRCAM, and the mannfactnring and verihcation of the prototype model, nnder lAC snpervision. 

2 IRCAM FEE Main Requirements 

The main reqnirements the IRCAM FEE shall comply with are listed in the following: 

1. IRCAM FEE shall acqnire images from an infrared detector, type ULIS UL 04 17 1, covering the 
spectral range 8 — 14/rm and measnring temperatnres between 200 K and 320 Kj9]. 

2. IRCAM FEE shall generate the bias needed by the infrared detector to operate. These are 
enlisted in Table [T] 

3. The detector shall be controlled in temperatnre between 10° C and 40° C with stability better 
than 10 mK over 4.8 honrs, by commanding the Thermo-Electric Cooler (TEC) of the mi- 
crobolometer. 
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Figure 1: IRC AM FEE block diagram 


4. The NETD of the IRCAM FEE shall be lower than 75 mK @ 300 K and optics F^l of the target. 

5. IRCAM FEE shall be able to perform frame averaging of at least 4 consecutive frames. 

6. FEE shall be able to perform operation of sum and subtracting of frames. 

7. IRCAM FEE shall be composed of two different modules, each of them, located at different 
positions, joint by a flex cable: 

• FPA Focal Plane assembly (detector + mechanical I/F to the Optical subsystem). 

• FEE electronic box. 


3 IRCAM FEE Flight Design Overview 

IRCAM FEE has been divided into two different modules, namely, the Focal Plane Array (FPA) 
containing the low noise electronics needed for the infrared detector to operate optimally, and the 
Front End Electronics (FEE) hosting the digital electronics and TEC control circuitry. 

Figure 1 shows the block diagram of the IRCAM FEE electronics.The main functionalities imple¬ 
mented in the IRCAM FEE are: 

3.1 Power supplies generation for the FEE PCB 

All the power supplies are cold redundant and consequently OR-ing is needed. This block also hlters 
the input power supplies and generates secondary voltages by using linear regulators and point of loads. 

3.2 TEC temperature control 

The microbolometer performance is optimum when the detector is stabilized to a constant temperature 
±10 mK for the image acquisition time, presently dehned as 4.8 h. To fulhl this requirement, the design 
shown in Figure is featured in the IRCAM FEE. 

This circuitry consists of a current regulator implemented with a buck converter and controlled by a 
double loop. The possible setting temperatures are between 10 and 40°C, and it is only possible to heat 
up due to the facts that the temperature of the FPA is expected to be lower than the microbolometer 
setting temperature, and in case of heating/cooling cycles were mixed during image acquisition, the 
thermal stability would be much worse than 10 mK. 
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Table 1: Requirements for microbolometer power supplies. 


Electrical 
function name 

Bias 

Type 

Optimum 
value 
@ 300K 

Range 

value 

Maximum 

current 

Maximum 

RMS noise 

VDDA 

(analog supply) 

Fixed 

5 V 

±100 mV 


60 mA 

< 100/iV 

VDDL 

(digital supply) 

Fixed 

3.3 V 

±300 mV 


5 mA 

< 100 mV 

VBUS 

(microbolometer 

biasing) 

Fixed 

2.8 V 
±25 mV 


1 mA 

< 100//V 

GFID 

(microbolometer 

biasing) 

Tunable 

Given 
in STR 

0 to 5V 
±5 mV 

1 mA 

2/rV (IHz to IkHz) 

5^V (IHz to lOkHz) 
100/iV (IHz to lOMHz) 

VSK (blind 

microbolometer 

biasing) 

Tunable 

Given 
in STR 

2.0 to 5.5 V 
±5mV 

1 mA 

2fiV (1 Hz to 1 kHz) 

5^V (1 Hz to 10 kHz) 
100/iV (1 Hz to 10 MHz) 

GSK (blind 

microbolometer 

biasing) 

Fixed 

2.2 V 

±50 mV 


1 mA 

2/rV (1 Hz to 1 kHz) 

5^V (1 Hz to 10 kHz) 
100/iV (1 Hz to 10 MHz) 



Figure 2: TEC control block diagram. 


The advantage of using a buck converter to implement the current regulator is the efficiency of the 
circuit, and as the power availability is little, it has been decided to choose this option. The drawback is 
that the switching noise could affect the low noise circuits as microbolometer power supplies generation 
or image acquisition. The alternative would be to use a linear regulator that is better in terms of noise, 
but the power consumption for big temperature jumps would be unaffordable. To analyze it, in the 
prototype the two options have been implemented to have a trade-off of both technologies. 

3.3 Optical detector power supplies biasing 

The required power supplies for the optical detector have very severe noise specifications and due to 
this, most of the power supplies generators are located near the optical sensor. 

The architecture of the optical detector power supplies generation is based on a voltage reference 
that is adjusted and filtered by using very low noise operational amplifiers in non-inverting or inverting 
configuration. To filter the noise, a Sallen-key topology has been selected. The current driver only 
applies to VDDA, which delivers 60 mA maximum, and consists of a bipolar transistor working in 
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Figure 3: Microbolometer power supplies bias. 



Figure 4: Analog acquisition chain block diagram. 


linear zone, controlled by an operational amplifier output. 

GFID and VSK power supplies must be tunable voltages. To provide the design with this capability, 
an libit DAC has been selected. 11 bits means a resolution of 2.7 mV in VSK and 2.5 mV in GFID, 
thus complying with the specification. The DAG used has a simple R-2R topology that minimizes the 
noise. 

3.4 Optical detector data acquisition 

This block is in charge of amplifying the signal provided by the microbolometer and performing the 
analog to digital conversion, to maximize signal to noise ratio. The microbolometer provides data to 
each channel at 10 Msamples/s and therefore, the analog acquisition chain has been designed to cope 
with this data throughput. 

The microbolometer measures the cloud temperature in a range between 200 K and 320 K. The 
typical responsivity of the microbolometer is specified by the manufacturer as 5 mV/K, but it can 
be modified to obtain different images when the f-number of the optics changes. The range within it 
can be modified has been considered between 1.5 mV/K and 8 mV/K. The acquisition chain has been 
designed to allow a programmable offset and gain to adjust the input signal to the voltage required by 
the ADG, independently of the responsivity. 

The offset shall be programmable through the FPGA. It generates a digital voltage, which is 
converted using a DAG and subtracted to the input signal in the first stage of the analog chain. The 
value of the offset is: 

^offset — T^inK hbGI ( 1 ) 

where T^in is the minimum detectable temperature (200 K); K^b, the responsivity of the microbolome¬ 
ter; and G\ is the gain of the microbolometer. 
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The whole gain of the analog chain is the product of the internal microbolometer gain (Gl) and 
the gain of the second stage of the chain (G2). The gain G1 is programmable via serial bus in the 
and the gain G2 is programmable via a resistance ladder multiplexed in the feedback loop. The 
product G1 ■ G2 must amplify the voltage input signal to a IVpp differential signal (expected voltage 
at the ADC input), it is: 


G1-G2 


Vjn-ADC 


Vin-ADC 


(Tr 


max TjYiin 


)KpB 


( 2 ) 


The possible values for G1 are specified by the manufacturer and the values for G2 have been 
calculated to minimize the error in the amplification. These are detailed in Table All combina¬ 
tions between G1 and G2 are allowed to adapt the chain gain to the adjustable responsivity of the 
microbolometer. Minimum gain allowed shall be 1, while maximum gain for very low power signals 
could rise up to 6.705. 


Table 2: Programmable gain values in the analog acquisition chain 


G1 

G2 

1.000 

1.000 

1.125 

1.070 

1.290 

1.140 

1.500 

1.210 

1.800 

1.280 

2.250 

1.350 

3.000 

1.420 

4.500 

1.490 


Finally, after offset compensation and gain stage, the signal shall be converted from single-ended 
to differential signal before entering in the ADC. 

The noise analysis performed for this module, which is the main contributor to the NETD added 
by the FEE is depicted in Table 


Table 3: Analog acquisition chain noise for different responsivity values (microbolometer noise not 
included). 


Responsivity 

[mV/K] 

Analog Chain 
parameters 

Total Noise 
[l^V] 

Equivalent NETD 
[mK] 

K=1.50 

Gl=4.50 

G2=1.21 

183.99 

122.66 

K=2.54 

Gl=3.00 

G2=1.07 

179.95 

70.85 

K=3.71 

Gl=1.50 

G2=1.49 

192.75 

51.95 

K=4.36 

Gl=1.29 

G2=1.42 

190.39 

43.67 

K=5.22 

Gl=1.29 

G2=1.21 

183.93 

35.24 

K=6.40 

Gl=1.29 

G2=1.00 

178.09 

27.82 

K^7.30 

Gl=1.00 

G2=1.14 

181.88 

24.91 


Considering the microbolometer has a NETD around 60 mK for high responsibility values, the 
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15 seconds (TBC) 


5 images 


5 offset images 



-► time 


Figure 5: Image acquisition strategy. 


system NETD would be increased from 60 mK to 64.97 mK, only 5 mK, by using equation: 

NETDircam-fee = ^NETDIee + NETD^j, (3) 


3.5 Digital design 

The control of the whole system has been implemented by means of a RT Proasic FPGA, being it 
radiation tolerant up to 30 krads that ensures the system is under known conditions regardless of the 
radiation events received. This electronics will be the responsible of the following activities: 

• Acquiring images from the microbolometer. 

• Processing the images and storing them into memory. 

• Generating the clock signals for the microbolometer. 

• Generating the power set-ups required by the microbolometer. 

• Generating the signalling for the FPA and FEE electronics. 

• Transmitting the images to the IGU. 

• Receiving TG from the IGU. 

• Sending TM to the IGU. 

• Managing the IRGAM FEE modes. 

• Acquiring instrument temperature sensors. 

One of the key points of the digital design is the acquisition strategy to receive, store, process and 
retrieve an image. The image acquiring strategy is shown in Figure]^ 

Five data and offset images will be acquired and reduced within 15 seconds. The image reduction 
consists on discarding the first image acquired and averaging the other four images. Offset reduction 
is similar, hrst image will be discarded and the other four images will be averaged. Prior to the hnal 
image retrieval, the offset image is subtracted from the data image. 
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Figure 6: FPA and FEE mechanical design. 


3.6 EEE parts selection 

IRCAM FEE preliminary design has been carried out taking into account flight standards, being the 
components radiation tolerant to 30 krads total dose radiation, and immune to LET under 60 MeV 
cm^/mg . Apart from the radiation tolerance feature, the electronics components have been selected 
according to the following rules: 

• ESCC class B components for those under ESA standards. 

• QML V components for microcircuits under MIL standards. 

• JANS for diodes and transistors under MIL standards. 

• EFR-R for passives under MIL standards. 

3.7 Mechanical design 

The mechanical design for the FPA and FEE can be seen in Figure]^ 

The FPA consists of the following elements: 

• Frame and supports to host the optical hlter. 

• Heat conductor allowing heat conduction of the optical detector and associated electronics to a 
cold plate. 

• Rigid-hex PCB, with the needed low noise electronics, such as microbolometer power supplies 
generation, image data amplihcation and A/D conversion. 

On the other hand, FEE components are: 

• FEE mechanical box. 

• FEE PCB. 

The IRCAM FEE is hosted within the Telescope Assembly as depicted in Figure 


4 IRCAM FEE Prototype Design and Manufacturing 

The aim of the IRCAM FEE prototype design (FEEP) is to have a functional IRCAM FEE model 
complying with the requirements described in section 2 with commercial components equivalent to 
those used for the hight design. A microbolomoter type ULIS UL 04 17 1 delivered by lAC has also 
been mounted to allow full FEEP verihcation. 

Figure [^depicts the FEEP as delivered to lAC. The FEEP is hosted within a box that protects it 
mechanically. The box interfaces electrically with the main power supply, the trigger signal interface. 
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Figure 7: IRCAM FEE location within Telescope Assembly. 



Figure 8: IRCAM FEE prototype. 


and the ICU simulation by means of three different connectors, and allows assembling of the optics on 
top of the optical detector. 

For practical purposes, it has been decided to have a single board in which the FPA and FEE 
sections electrically isolated, and potentially joined by a connector with a similar length as the flight 
flex connector. The FPA is located at the left half of the board, near the detector, while the FEE is 
hosted at the right half. 

The detector is soldered on an independent assembly, being it possible to mount and dismount 
the detector PCB from the rest of the electronics. The detector assembly will consist of the following 
parts: 
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• Optical detector. 

• Heat conductor. 

• Optical detector PCB. 

The heat conductor has been designed to have the same volume as the flight one, and is placed in 
direct contact with the detector base. A metallic braided strap leads the heat from the heat conductor 
to a cold point external to the FEEP. The PCB has two connectors to provide the detector assembly 
with means to connect and disconnect it to/from the rest of the electronics. 

In addition to the functional features of the flight design, the FEEP also has some other capabilities 
to ease the flight design testing and validation: 

• The FEE and FPA side can be electrically communicated by two different ways, namely, a harness 
simulating the flex connector in the flight design, or directly by using electrical connections that 
can be enabled or disabled by means of jumpers located on the PCB. This way the effect of the 
harness length on the image results can be quantified. 

• Apart from the buck converter designed for feeding the TEC, the prototype also features a 
linear regulator with the same purpose. The use of a linear regulator increases power needs but 
decreases noise on power supplies, and therefore, a trade-off of the two technologies can be done. 

• An external signal (3.3 V TTL or CMOS) allows triggering a single image acquisition. 

• As already explained, the detector is mounted on an isolated assembly, and this might worsen 
NETD. 

• A simulator of the temperature sensing within the optical detector is included to be able to test 
the temperature regulation circuit with a standard Peltier. 

• A single voltage supply of 24 V, 1 A is needed to feed the FEEP, and some DC/DC converters and 
linear regulator generate internally the voltage required by the electronics to operate nominally. 


5 IRCAM FEE Prototype Verification 

The main results, limitations and lessons learned derived from the test campaign performed at SENER 
facilities are presented in the next sections. 

5.1 Microbolometer Power Supplies Noise 

The measurement has been done only in the frequency range from 10 Hz to 51 kHz with a Dynamic 
Signal Analyzer (DSA). Below 10 Hz the measurement instrument, i.e. spectrum analyser, introduces 
noise one order of magnitude higher than the existing in the prototype board, and therefore, the lower 
frequency is limited to 10 Hz. The maximum frequency the DSA can measure is 51 kHz. A high 
pass filter with a cutting frequency of 1 Hz has been used to eliminate the continuous signal at zero 
frequency. 

The power spectral density (PSD) of the noise of each power supply is summarized in Table ??. 
The noise in low frequency is the bigger contribution to the final noise and it decreases as frequency 
increases. To calculate the noise in the 10 MHz bandwidth, the noise has been considered white noise 
and has been extrapolated, which is a worst case assumption. Using the spectral power distribution, 
the ratio between 10 MHz and 51 kHz is 14, which leads to the PSD values shown in Table 

All the values are compliant with the specifications with the exception of VDDA, which is slightly 
higher than specified. It could be due to the approximation done, which is a worst case consideration 
and in this case a measurement with higher bandwidth should be done. 
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Table 4: Power supplies noise PSD measurement. 


Power Supply 

Noise 

VSK@5V 

4.90925 hVrms 

VGSK 

4.98774 iNRMS 

GFID@5V 

5.0095 ^NRMS 

VDDA 

8.5572 ^NRMS 

VDDL 

20.0827 iNRMS 

GND 

4.91247 fiVRMS 


Table 5: Power supplies noise PSD extrapolation to 10 MHz. 


Power Supply 

Noise 

(10 Hz - 51 kHz) 

Noise 

(10 Hz - 10 MHz) 

Microbolometer 

specification 

VSK@5V 

4.90925 txYRMS 

68.743 hYrms 

100 //V 

VGSK 

4.98774 nYRMS 

69.842 ^Yrms 

100 /iV 

GFID@5V 

5.0095 iNRMS 

70.147 hYrms 

100 //V 

VDDA 

8.5572 iNrms 

119.824 iNRMS 

100 /iV 

VDDL 

20.0827 ijMRMS 

281.214 iNRMS 

100 //V 

GND 

4.91247 ijMRMS 

68.788 hYrms 

100 /iV 


5.2 TEC long-term stability 

In the preliminary design, a switching voltage regulator was chosen due to the better efficiency com¬ 
pared to the linear regulators. Nevertheless, the prototype has means to control the TEC in either 
a switching or a linear way, just by shorting or opening some jumpers. One of the objectives of the 
PEEP fabrication is to decide which regulator configuration, switching or linear, is more suitable for 
JEM-EUSO needs. Our findings are the following: 

• For small thermal jumps, it is, difference between ambient and TEC temperature less than 10 
K, the linear regulator configuration is recommended, as the power needed to operate is small 
(less than 200 mA at 3.3 V, it is, 0.66 W, for a 8°C thermal jump), and the switching regulator 
needs a minimum thermal jump to operate achieving the 10 mK thermal stability requirement. 
Given the standard laboratory conditions in which the FEEP was tested, the linear regulator 
configuration was used to perform the acceptance test, although the switching configuration has 
also been tested and its performance is considered correct. 

• For big thermal jumps of more than 10°C, both configurations are possible to be used, although 
the linear configuration power consumption is bigger. In the tests performed at SENER in linear 
configuration, a thermal jump of 17 K implied an increase of 3.3 • 0.4 = 1.32 W in power. 

Due to hardware constraints in the design, the maximum allowed current to the TEC is around 1.2 
A, and therefore the maximum thermal jump allowed for the linear configuration is around 40 — 50K. 
Nevertheless, for such big thermal jumps, the switching configuration is strongly recommended. 

Depending on the final design of JEM-EUSO, either the switching or linear configuration, or even 
a combination of both of them, can be used. 

At SENER, two tests have been carried-out to measure the long-term stability of the microbolome¬ 
ter temperature over 4.8 hours, both in linear regulation configuration. 

The first one with a temperature setting point of 30° C while the ambient is at 22° C showed a 
mean temperature of 30.0023°C and a standard deviation of 1.14 mK, much lower than the ±10 mK 
required. 
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Figure 9: Microbolometer temperature stability for 5th, Tamb = 22°C, Tgensing = 30°C. 
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Figure 10: Microbolometer temperature stability for 5 h, Tamb = 22°C, TgetUng = 39°C. 


The second test was executed similarly, changing the setting point to 39°C to have a 17°C difference 
between ambient and the setting point. In this case, the mean is 38.9966°C and the standard deviation 
2.70 mK, also within specifications. 

5.3 Dead pixel effect 

Due to the big changes in microbolometer output voltage level during image transmission and the 
absolute maximum ratings for input voltage levels of the ADC, diodes have been added to protect the 
ADC. The use of the diodes and its slow recovery time imply every time a dead pixel is read, the effect 
in the output image is two consecutive pixels in the same channel seen as dead pixels. Alternatives to 
protect the ADC will be studied in further project phases. 

5.4 NETD measurement without microbolometer 

The noise of the whole acquisition chain, both analog and digital contribution of the IRCAM FEE 
prototype without the microbolometer has been measured. An offset on both channels of 0 V and a 
configurable input voltage generated by a voltage reference is used to acquire several complete images. 
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Figure 11: Dead pixel map and detail of the double dead-pixel effect. 


Table shows the input voltage, the digital mean value and standard deviation obtained (in ADC 
counts and mK consideMicrobolomering a responsivity of 7.3 mV/K) in each channel after the ADCs. 


Table 6: Noise measurement of the acquisition chains in the digital domain. 


Input Voltage 

[V] 

Channel 1 

Channel 2 

Mean 

[ADC counts] 

NETD [ADC 
counts, mK] 

Mean 

[ADC counts] 

NETD [ADC 
counts, mK] 

0.1 

381.77 

0.95, 32 

388.97 

0.82, 27 

0.2 

799.21 

0.94, 31 

806.42 

0.8, 27 

0.3 

1206.10 

0.91, 30 

1213.49 

0.8, 27 

0.4 

1618.38 

0.89, 30 

1625.77 

0.74, 25 

0.5 

2031.47 

0.94, 30 

2039.24 

0.74, 25 

0.6 

2439.02 

0.94, 31 

2447.47 

0.74, 25 

0.7 

2853.08 

0.98, 33 

2861.99 

0.75, 25 

0.8 

3265.37 

1.01, 34 

3274.63 

0.76, 25 

0.9 

3677.69 

1.02, 34 

3687.53 

0.77, 26 

0.99 

4048.44 

1.04, 35 

4058.50 

0.77, 26 


According to Table channel 1 is noisier than channel 2. This could be due to the PCB routing, 
although no direct cause has been found. Note the maximum NETD is 35 mK including also the 
reference voltage used to feed the FEEP, and therefore, this is a worst case NETD. Thus the worst 
case IRCAM FEE NETD, considering the microbolometer has 60 mK NETD would be 69.46 mK, 
which is below the specified 75 mK. By using four images averaging, theoretically the NETD could be 
reduced by one half. 

From Table 1^ it can also be seen that channel 2 has 7 counts offset with respect to channel 1. 
This can be corrected by the FPGA as it has been characterized when a 0 V input is inserted in both 
channel 1 and 2. 

Another main result is that the NETD does not depend on the use of linear or switching regulation 
for the TEC control, so either regulator can be used in the final design. 

These results can be complemented with the effects of the harness connecting FPA and FEE, which 
have not been evaluated so far. This is recommended to be done in the future to fully characterize the 
FEEP. 
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6 Conclusions 


The IRCAM FEE preliminary design and prototype design, manufacturing and verification have been 
carried out. The overall results show the FEEP NETD is within NETD budget even without frame 
averaging. 

The linear versus switching regulation options to control the microbolometer temperature have 
been studied. Accordingly, it is advisable to use linear regulation when the thermal jump between 
ambient and microbolometer temperature is below 10°C. Between 10°C and 20°C thermal jump, both 
linear and switching regulation options are possible, while above 20°C the switching option is strongly 
recommended. 

Although the overall results are considered successful, the effect of the harness connecting FPA 
and FEE on the IRCAM FEE NETD should be characterized in future studies, and an alternative 
to the diodes protecting the channel acquisition ADCs causing the double dead pixel effect should be 
considered. 
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